Background: Fractional exhaled nitric oxide (FeNO) is an indicator of bronchial inflammation in asthma patients. However, nitric oxide is also produced in the oral cavity, with production depending on the local anaerobic flora and intraoral acidity. Objective: To evaluate the influence of oral care on measurement of FeNO, to investigate the influence of sleep when the oral environment changes dramatically, and to assess the impact of oral care on FeNO in the real clinical setting. Methods: FeNO was measured before and after oral care in 14 subjects on awakening and at bedtime on 2 consecutive days to investigate variation of nitric oxide derived from the oral cavity. It was also measured before and after oral care in 62 outpatients with asthma to assess the clinical relevance of oral cavity nitric oxide. Results: On both days, FeNO was significantly decreased by oral care on awakening (day 1: decrease = 10.6 ± 12.4 ppb, p = 0.0020; day 2: decrease = 11.6 ± 23.7 ppb, p = 0.0009), and the decrease was larger than at bedtime. In addition, FeNO was significantly reduced by oral care in asthma outpatients (decrease = 1.73 ± 0.95 ppb, p = 0.0090), and older age was significantly correlated with the decrease (p = 0.0261). Conclusion: Oral care resulted in a decrease of FeNO, especially on awakening. While nitric oxide derived from the oral cavity generally has a limited impact in outpatients with asthma, its influence on measurement of FeNO may need to be considered, especially in elderly patients.
INTRODUCTION
Bronchial asthma is an inflammatory disease of the airways and fractional exhaled nitric oxide (FeNO) is widely used as a noninvasive indicator of airway inflammation [1, 2] . While FeNO does not purely reflect lower airway production of nitric oxide (NO) since it is also produced in the oral cavity, a study has shown that less than 7.5% of total FeNO originates from the oral cavity [3] . The oral anaerobic bacterial flora and acidity are known to be key factors that influence NO production in the oral cavity. Nitrate is abundant in green vegetables and is selectively concentrated in the salivary glands after being absorbed from the digestive tract [4] [5] [6] . Nitrate secreted in the saliva undergoes reduction to nitrite by anaerobic bacteria in the oral cavity, and then is reduced further to NO by oral acidity. These are nonenzymatic reactions, and changes of various oral factors can alter local NO production [4] [5] [6] [7] [8] .
Bacteria are abundant in the upper airway [9] , with the bacterial flora being increased by poor oral hygiene [9, 10] and decreased by good oral care [11, 12] . In particular, bacteria grow rapidly in biofilms that form on dental plaque [9] and oral cavity NO production is increased in the presence of plaque [7, 8] . The condition of the oral cavity changes throughout the day. During sleep, production of saliva is reduced and clearance of the oral cavity is suppressed, while bacterial growth is promoted in a more acidic intraoral environment [12] [13] [14] . These factors that promote oral NO production might have the maximum impact at the time of awakening. Accordingly, we predicted that FeNO may be higher at awakening than during the daytime when oral cavity clearance is improved by daily activities such as eating or brushing the teeth.
In the present study, we evaluated the influence of oral care on FeNO in healthy volunteers and asthma patients immediately after awakening and at bedtime, as well as in asthma patients attending our outpatient department during the daytime.
MATERIALS AND METHODS

Study 1
FeNO was measured on awakening and at bedtime on 2 consecutive days to investigate its variation. From March to September 2010, staff of the National Hospital Organization Disaster Medical Center and their family members were recruited, including 11 healthy subjects and 3 subjects with a history of asthma. In each subject, measurement of FeNO was performed 3 times (before oral care, after gargling with water, and after brushing the teeth). As factors that might influence oral production of NO, intake of green vegetables on the previous day (yes/no) and the existence of periodontitis (yes/no) were assessed by inquiry. The Niox Mino device (Aerocrine AB, Stockholm, Sweden) was used for measurement of FeNO at home by each subject.
Study 2
This study was performed to investigate the impact of oral care on FeNO in the real clinical setting. From January to April 2012, asthma patients who were attending the outpatient clinic of the National Hospital Organization Disaster Medical Center were recruited. At an outpatient visit between 9 AM and 4 PM, FeNO was measured before and after oral care (brushing the teeth for 3 minutes, followed by gargling with water). To evaluate the influence on FeNO of increased exposure of exhaled air to the teeth and gingivae, measurement was done in 2 ways ( Fig. 1): (A) the standard method with no gap between the teeth and buccal mucosa, and (B) the open cheek method with a gap between the teeth and buccal mucosa and the teeth clenched to maximise exposure of exhaled air to the teeth and the gingivae. Patients were asked about the intake of green vegetables on the previous day (yes/no), the existence of periodontitis (yes/no), and the time since last brushing the teeth, the time since the last meal, and the time since last brushing the teeth or eating (as factors that might influence oral cavity hygiene). The following parameters were also investigated on the day of FeNO measurement: total IgE (IU/mL), peripheral blood eosinophil count (%), sputum eosinophils (positive/negative), forced expiratory volume (FEV)1.0 (mL), and the Asthma Control Test (ACT) score.
Statistics
FeNO levels before and after oral care were analyzed by the Wilcoxon signed rank test in studies 1 and 2. In study 2, the relationship between the FeNO level and various factors was assessed by using the Wilcoxon rank sum test for sputum eosinophils and by Spearman rank correlation coefficient analysis for peripheral blood eosinophils, IgE, FEV1.0%, ACT score, and age. The relationship between the change of FeNO after oral care and various factors was analyzed by the Wilcoxon rank sum test for green vegetable intake and periodontitis, while Spearman rank correlation coefficient analysis was employed for the age, time after last brushing the teeth, time after the last meal, and time since last brushing the teeth or eating. Furthermore, logistic regression analysis (multivariate analysis) was done to investigate all of these factors. Calculations were performed by using JMP for Windows version 10 (SAS Institute Japan, Tokyo, Japan). All p values were 2-tailed and p < 0.05 was considered to indicate statistical significance. This study was approved by the ethics committee of the National Hospital Organization Disaster Medical Center and written informed consent was obtained from all participants. This study has been registered with the University Hospital Medical Information Network (UMIN) clinical trials registry (registration numbers are UMIN000017046 for study 1 and UMIN000017427 for study 2).
RESULTS
Study 1
The median age of the14 subjects (3 women and 11 men) was 34 years (range, 25-83 years). On day 1, one subject failed to measure FeNO at night, one failed to measure it after gargling in the morning, and 2 failed to do so after gargling at night. In one subject, the FeNO titer after gargling at night was <5 ppb (below the lower limit of measurement), and this result was excluded from statistical analysis since the exact titer was unknown. Accordingly, complete day 1 data after gargling were available for 13 subjects in the morning and 10 subjects at night, while complete data after oral care were available for 14 subjects in the morning and 13 subjects at night. On day 2, one subject failed to measure FeNO after gargling at night. 2 shows the change of FeNO after oral care in the morning on days 1 and 2. On both days, FeNO was significantly decreased by oral care gargling plus brushing the teeth (day 1: n = 14, ∆FeNO = 10.6 ± 12.4 ppb, p = 0.0020; day 2: n = 14: ∆FeNO = 11.6 ± 23.7 ppb, p = 0.0009) and by gargling alone before brushing the teeth (day 1: n = 13, ∆FeNO = 5.2 ± 8.4 ppb, p = 0.0195; day 2: n = 14, ∆FeNO = 8.5 ± 19.2 ppb, p = 0.0012). After gargling, FeNO showed a further significant decrease with brushing the teeth on day 1 (n = 13, ∆FeNO = 3.92 ± 6.66 ppb, p = 0.0024), but not on day 2 (n = 14, ∆FeNO = 3.1 ± 7.6 ppb, p = 0.0699). Fig. 3 shows the change of FeNO due to oral care before bedtime on days 1 and 2. On day 1, FeNO decreased significantly after oral care (n = 13, ∆FeNO = 3.6 ± 3.9 ppb, p = 0.0068), as well as after gargling alone (n = 10, ∆FeNO = 3.5 ± 6.2 ppb, p = 0.0313). In contrast, oral care did not significantly influence the FeNO level on day 2 (n = 14, ∆FeNO = 1.7 ± 3.5 ppb, p = 0.1382).
When the variation of FeNO values measured in the morning and at night on days 1 and 2 was assessed in each subject, the absolute value of (FeNO on day 1 -FeNO on day 2) was significantly decreased by oral care in the morning (n = 14, p = 0.0234), but not at night (n = 13, p = 0.4727) (Fig. 4) .
Among the 14 subjects, 3 had periodontitis and 5 had eaten green vegetables on the previous day. However, the decrease of FeNO was not correlated with either periodontitis or green vegetable intake, as well as not being correlated with age.
Study 2
Sixty-two asthma patients were recruited for this study, including 22 men and 40 women aged 24-82 years (median age, 61.5 years) ( On awakening, the absolute value of (FeNO on day 1 -FeNO on day 2) was significantly decreased by oral care, but not at bedtime (Wilcoxon signed rank test). FeNO, fractional exhaled nitric oxide. Phase 1: before oral care. Phase 3: after oral care. The vertical axis displays absolute value of (FeNO on day 1 -FeNO on day 2).
FeNO before and after oral care The percent decrease of NO was 3.4% ± 26.8% and it varied widely between the subjects. The greatest decrease was observed between FeNO measured by the open cheek method before oral care and FeNO measured by the standard method after oral care (∆FeNO = 3.61 ± 0.50 ppb, p < 0.0001). Thus, greater contact of expired air with the teeth and gingivae increased FeNO before oral care, while oral care reduced FeNO and there was no significant difference between the 2 methods of measurement after oral care. Table 2 shows the relationship between FeNO measured by the standard method and age or parameters of asthma activity. The peripheral eosinophil count (%) and IgE were significantly correlated with FeNO before and after oral care. Table 3 shows the relationship between reduction of FeNO measured by the standard method after oral care (∆FeNO after-before ), which might reflect the proportion of total NO derived from the oral cavity, and factors that might influence oral production of NO, including green vegetable intake on the previous day, periodontitis, age, time since last brushing the teeth, time since the last meal, and time since last brushing the teeth or eating. Among these 6/11 https://apallergy.org https://doi.org/10.5415/apallergy.2018.8.e23
FeNO measured by the standard method and asthma parameters
Factors increasing NO derived from the oral cavity
Oral care and fractional exhaled nitric oxide Increased: . ± . p = .
Decreased: . ± . p = .
No. of patients factors, older age was significantly correlated with ∆FeNO after-before according to univariate analysis (p = 0.0365) and also by multivariate analysis (p = 0.0261).
DISCUSSION
Our findings suggested that oral care might influence FeNO by reducing the amount of NO originating from the oral cavity, possibly by removal of bacteria and dental plaque along with reduction of intraoral acidity. The percentage of NO derived from the oral cavity was larger on awakening in the morning than during the daytime or at night, which could be explained by the maximum bacterial load and maximum acidity being reached during sleep, although these factors were not examined directly in our study. Carossa reported production of NO by bacteria in oral plaque and found that FeNO was 58.8 ± 3.7 ppb in healthy young adults who performed no oral care for 24 hours, while it decreased to 43.6 ± 3.7 ppb after brushing the teeth [8] . The marked reduction of FeNO after oral care observed by Carossa was consistent with our results obtained immediately after awakening in study 1. Compared with immediately after awakening, production of NO may decrease in the oral cavity during the daytime due to daily activities such as brushing the teeth or intake of food and beverages, as well as increased production of saliva. The percentage of NO derived from the oral cavity showed wide variation among our subjects (Fig. 2) , and some of them were high oral cavity FeNO producers. Also, intraindividual variation of oral cavity FeNO production was highest in the morning and was reduced after oral care, but variation was not reduced by oral care at nighttime (Fig. 4) . These results suggest that the bacterial load and oral cavity acidity with resultant FeNO production can vary from day to day or even from hour to hour. In study 2, the mean reduction of FeNO by oral care was statistically significant, but was generally not clinically relevant. However, the reduction of FeNO by oral care was >10 ppb in 7 patients (11.3%), which was large enough to potentially influence clinical judgment.
The method of measuring FeNO might also influence the data obtained, as shown in study 2. However, FeNO levels measured after oral care were similar on 2 consecutive days in study 1, and also did not show a significant difference between the 2 methods of exhalation in study 2. Thus, the FeNO level measured after oral care seems to be relatively reproducible and might reflect NO production in the lower airways more closely than that measured before oral care.
Whether FeNO is influenced by age remains controversial [15] , with no relationship to age being found in healthy adults by one study [16] , while other studies have shown that FeNO increases with age (especially over 60 years old) in a general population including subjects with asthma [17] or in healthy subjects [18] . The mechanism underlying the age-dependent increase of FeNO is unknown, but it has been suggested to involve elevation of the inflammatory response or reduced lung diffusing capacity for nitric oxide in the elderly [17, 18] . In study 2, Oral care and fractional exhaled nitric oxide there was no relationship between the FeNO level and age in asthma patients both before and after oral care, but we found that a higher proportion of NO was derived from the oral cavity in older subjects. The number and abundance of bacterial species both increase with aging and secretion of saliva is reduced in the elderly [19, 20] , promoting an acidic intraoral environment [12, 20] . Since a heavier bacterial load and increased acidity are key factors related to NO production in the oral cavity, it would seem reasonable for more NO to originate from the oral cavity in elderly persons than in younger persons. Thus, care should be taken when measuring FeNO in elderly patients, since misdiagnosis between asthma and chronic obstructive pulmonary disease could potentially occur if oral NO production is ignored.
Based on the results of study 1, brushing the teeth should be performed for oral care rather than just gargling to allow precise evaluation of lower respiratory tract inflammation by measurement of FeNO, possibly because brushing reduces dental plaque. Thus, a standard oral care regimen should be established to minimise NO derived from the oral cavity in patients undergoing FeNO measurement.
This study had some limitations. We found that intake of green vegetables was not significantly correlated with the amount of NO derived from the oral cavity, and detection of eosinophils in sputum was also not correlated with the FeNO level. These relationships might not have been identified because we could not quantify green vegetable intake or the sputum eosinophil count. Green vegetables have a high content of nitrate, which is eventually secreted into the saliva and is subsequently reduced to NO in the oral cavity [4] [5] [6] . However, dietary NO only shows an influence within 4 hours of intake [8] and might have little effect on awakening in the morning. A second limitation of this study was self-reporting of periodontitis, which is associated with a high oral bacterial load, rather than diagnosis of this condition by dentists. Third, the subjects measured FeNO at home without supervision in study 1 and there were some missing data.
Reproducibility of FeNO measurement with the Niox Mino device used in this study is reported to be high [21, 22] , with a change of the FeNO value by ≥4 ppb indicating a change of inflammatory status [21] . However, some of our results might represent outliers. For example, one subject showed reduction of FeNO by 10 ppb (-15.4%) after gargling in the morning on day 2, and one subject showed reduction by 20 ppb (-22.7%) after gargling at night on day 1, despite the FeNO titer after brushing the teeth being almost the same as before oral care in both cases. These results cannot be explained by improvement of the oral environment or a change of inflammatory status and might be due to the influence of other unknown factors. Study 2 included 2 current smokers. FeNO may be falsely low in current smokers due to down-regulation of NOS and enhanced local clearance of NO in the lower airway [15] . However, this study was performed to evaluate NO production in the oral cavity rather than the lungs, so participation of current smokers should not have influenced the results. In both studies 1 and 2, oral care by the subjects was not regulated. Daytime oral care could have influenced the nighttime oral NO level in study 1 and morning oral care could have affected the results of study 2. However, univariate and multivariate analysis both indicated that the time since last brushing the teeth did not affect oral NO production, suggesting that lack of brushing in the morning might be compensated by oral clearance due to food intake and enhanced salivation.
In conclusion, oral care decreased FeNO in both healthy subjects and asthma patients. The proportion of NO derived from the oral cavity was highest immediately after awakening, and 9/11 https://apallergy.org https://doi.org/10.5415/apallergy.2018.8.e23
Oral care and fractional exhaled nitric oxide was smaller when FeNO was measured at the outpatient clinic in the daytime. However, some subjects still showed high oral NO production in the daytime, particularly older patients. Thus, NO production in the oral cavity should be taken into consideration when FeNO is unexpectedly high relative to a patient's symptoms and clinical status. To avoid the possible influence of NO derived from the oral cavity, a standard regimen for performing oral care before measurement of FeNO should be established.
